cv? 

|“W. 

a . 

O  . 


SECURITY  CLASSIFICATION  OF  THIS  pace  fHTi«n  n«m  Entered) 

REPORT  DOCUMENTATION  PAGE 

H  REPORT  NUMBER  j2.  GOVT  ACCESSION  NQ 

_ _ _ 


m 


aagffiBE 


‘•pTiflfeS  Report 

Fresh  Air  Fund  Dam  Site  I 

Lower  Hudson  River  Basin,  Dutchess  County,  NY 
Inventory  No.  288'  _ 

_ m  rnamn  mmm  ■ 

7.  AUTHORS 1  H  il  a  H  a 


I 


Ce°ree  K0Ch  : _ LL  i  k:% 

New  York  Department  or environmental  Conservation 
50  Wolf  Road  . 

Albany,  NY  12233  "  '  q'jO 

IK  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

New  York  State  Department  of  Environmental 
Conservation  50  Wolf  Road 
Albany,  NY  12233 

M.  MONITORING  AGENCY  NAME  A  AOORESSf/f  dtlleront  hoot  Controlling  Otllce) 

Department  of  the  Army 

26  Federal  Plaza  New  York  District,  CofE 
New  York,  NY  10287 


3.  RECIPIENT'S  CATALOG  NUMUEH 


5.  TYPE  OF  REPORT  &  PERIOD  COVERED 

Phase  I  Inspection  Report 
National  Dam  Safety  Program 


.  PERFORMING  ORG.  REPORT  NUMDER 


B.  CONTRACT  OR  GRANT  NUMBER^*) 


DACW- 51- 7  9- C- 000 1 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  &  WORK  UNIT  NUMBERS 


13.  NUMBER  OF  PAGES 


IS.  SECURITY  CLASS,  (ol  I  hit  report.) 


UNCLASSIFIED 


I5».  DECLASSI  FI  CATION/ DOWN  GRADING 
SCHEDULE 


I  IS.  DISTRIBUTION  STATEMENT  (ol  Oil o  Report) 


Approved  for  public  release;  Distribution  unlimited, 


<7.  DISTRIBUTION  STATEMENT  (ol  tho  obotr met  entered  In  Block  20,  II  dl 


^  .4 


|T*.  SUPPLEMENTARY  NOTES 


_ £°Vi 

•OrlRW^.ii  BrtO  rep" 
*»  tloc 

ms: 


•  19.  KEY  WOROS  (Contlnuo  on  rovotoo  otdm  II  no  coot 

***•  Dam  Safety 

_  National  Dam  Safety  Program 

^  Visual  Inspection 
*/  Hydrology,  Structural  Stability 

l»V-  -  J 


imry  Identify  by 


REPRODUCZ  LSGTRLY. 

Fresh  Air  Fund  Dam 


nl  I, 

’  ti 


Dutchess  County 
^  . 


20.  ABSTRACT  (Contlnuo  nranr on  otdm  H  nncoooory  ond  Identity  by  block  number) 

This  report  provides  information  and  analysis  on  the  physical  condition  of  the 
dam  as  of  the  report  date.  Information  and  analysis  arc  based  on  visual 
Inspection  of  the  dam  by  the  performing  organization. 

The  examination  of  documents  and  visual  inspection  of  the  Fresh  Air 
Fund  Dam  No.  1  and  appurtenant  structures  did  not  reveal  conditions  which 
constitute  a  hazard  to  human  life  or  property.  The  dam,  however,  has  a 
number  of  problem  areas  which  require  remedial  action.  These  areas  are 
listed  below. _ .  _  ■ 
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The  discharge  capacity  of  the  spillway  is  inadequate  for  all  flews  in 
excess  of  85%  of  the  PM F  (Probable  Maximum  Flood).  The  spillway  is  therefore, 
assessed  as  inadequate. 

Within  1  year  of  notification  to  the  owner  the  following  remedial  actions 
or  repairs  must  be  completed: 

1.  Monitor  the  seepage,  observed  near  the  left  abutment  beyond  the  toe 
of  the  dam,  at  bi-weekly  intervals. 

2. ’  Repair  the  deteriorated  bituminous  coating  of  the  service  spillway 

pipe  after  removal  of  rust.  Also  repair  the  cracked  concrete  headwall 
at  the  outlet  of  this  pipe. 

3.  Remove  the  debris  on  and  within  the  service  spillway  intake  chamber. 
Monitor  periodically  for  future  debri s  collection,  and  clean  as 
required. 

1  4.  Remove  the  vegetation  at  the  locations  described  in  this  report. 

Provide  a  program  of  periodic  cutting  and  mowing  of  these  surfaces. 

5.  Backfill  the  depressions  observed  beyond  the  downstream  tee  of  the 
embankment,  and  monitor  the  area  for  the  development  of  additional 
depressions. 

6.  Provide  a  program  of  periodic  inspection  and  maintenance  of  the  dam 
and  appurtenances,  including  yearly  operation  and  lubrication  of  the 
reservoir  drain  system.  Document  this  information  for  future  reference. 
Also  develop  an  emergency  action  plan. 
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PREFACE 


\ 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I 
Investigations.  Copies  of  these  guidelines  may  be  “obtained  from 
the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314.  The 

purpose  of  a  Phase  t  Investigation  is  to  identify  expeditiously  ; 

those  dams  which  may  pose  hazards  to  human  life  or  property.  The 

assessment  of  the  general  condition  of  the  dam  is  based  upon 

available  data  and  visual  inspections.  Detailed  investigation, 

and  analyses  involving  topographic  mapping,  subsurface  investigations, 

testing,  and  detailed  computational  evaluations  are  beyond  the  scope 

of  a  Phase  I  Investigation;  however,  the  investigation  is  intended 

to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  ! 

reported  condition  of  the  dam  is  based  on  observations  of  field  ; 

conditions  at  the  time  of  inspection  along  with  data  available  to  | 

the  inspection  team.  In  cases  where  the  reservoir  was  lowered  or 
drained  prior  to  inspection,  such  action,  while  improving  the 
stability  and  safety  of  the  dam,  removes  the  normal  load  on  the 
structure  and  may  obscure  certain  conditions  which  might  otherwise 
be  detectable  if  inspected  under  the  normal  operaring  environment 
of  the  structure. 

It  is  important  to  note  that  the  condi tier,  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  xnccrrect  to  assume  that 
the  present  condition  of  the  dam  will  continue  to  repr er=r.t  the 
condition  of  the  dam  at  some  point  in  the  future.  Oni>  rhr. _gh 

frequent  inspections  can  unsafe  conditions  be  detected  and  only  * 

through  continued  care  and  maintenance  can  these  conditions  be 
prevented  or  corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  ana  hydraulic  analyses.  In  accordance  with  the  established 
Guidelines,  the  Spillway  Test  flood  is  based  on  the  estimated  ’  4 

"Probable  Maximum  Flood"  for  the  region  (greatest  reasonably  possible 
storm  runoff) ,  or  fractions  thereof.  Because  of  the  magnitude  and 
rarity  of  such  a  storm  event,  a  finding  that  a  spillway  will  not 
pass  the  test  flood  should  not  be  interpreted  as  necessarily  posing 
a  highly  inadequate  condition.  The  test  flood  provides  a  measure 
of  relative  spillway  capacity  and  serves  as  an  aide  in  determining 
the  need  for  more  detailed  hydrologic  and  hydraulic  studies, 
considering  the  size  of  the  dam,  its  general  condition  and  the 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam: 

State  Located: 
County  Located: 
Stream: 

Date  of  Inspection: 
ASSESSMENT 


Fresh  Air  Fund  Dam  No.  1  {Deer  Lake) 
(I.D.  No.  NY  288) 

New  York 

Dutchess 

Unnamed  tributary  of  the  Fishkill  Creek 
(tributary  of  the  Hudson  River) 

July  9,  1980 


The  examination  of  documents  and  visual  inspection  of  the  Fresh  Air 
Fund  Urttu  *  i  =.-.j  ---"rtzzzr.t  structures  did  net  renditions  which 

constitute  a  hazard  to  human  life  or  property.  The  dam,  however,  has  a 
number  of  problem  areas  which  require  remedial  action.  These  areas  are 
listed  below. 

The  discharge  capacity  of  the  spillway  is  inadequate  for  all  flows  in 
excess  of  85%  of  the  PMF  {Probable  Maximum  Flood).  The  spillway  is  therefore, 
assessed  as  inadequate. 

Within  1  year  of  notification  to  the  owner  the  following  remedial  actions 
or  repairs  must  be  completed: 

1.  Monitor  the  seepage,  observed  near  the  left  abutment  beyond  the  tee 
of  the  dam,  at  bi-weekly  intervals. 

2.  Repair  the  deteriorated  bituminous  coating  of  the  service  spillway 
pipe  after  removal  of  rust.  Also  repair  the  cracked  concrete  headwall. 
at  the  outlet  of  this  pipe. 

3.  Remove  the  debris  on  and  within  the  service  spillway  intake  chamber. 
Monitor  periodically  for  future  debris  collection,  and  clean  as 
requi red . 

4.  Remove  the  vegetation  at  the  locations  described  in  this  report. 

Provide  a  program  of  periodic  cutting  and  mewing  of  these  surfaces. 

5.  Backfill  the  depressions  observed  beyond  the  downstream  toe  of  the 
embankment,  and  monitor  the  area  for  the  development  of  additional 
depressions. 

6.  Provide  a  program  of  periodic  inspection  and  maintenance  of  the  dam 
and  appurtenances,  including  yearly  operation  and  lubrication  of  the 
reservoir  drain  system.  Docunent  this  information  for  future  reference. 
Also  develop  an  emergency  action  plan. 
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Chief,  Dam  Safety  Section 
New  York  State  Department 
of  Environmental  Ccnsc-rvati 
NY  license  No.  45937 


Colonel  U.  k.  Smith  Jr. 

New  York  District  Er.Gineer 


PHASE  I  INSPECTION  REPORT 
NATIONAL  0AM  SAFETY  PROGRAM 
FRESH  AIR  FUND  0AM  I.O.  No.  NY  288 
SITE  1 

DEC  #2120-1528  UMR  HUDSON  RIVER  BASIN 
DUTCHESS  COUNTY,  NEW  YORK 


SECTION  I:  PROJECT  INFORMATION 

1.1  GENERAL 

a.  Authority 

the  Phase  1  Inspection  reported  herein  was  authorized  by  the 
Department  of  the  Arsy,  New  York  District,  Corps  of  Engineers, 
to  fulfill  the  requirements  of  the  National  Dan  Insoection 
Act ,  Public  La#  92-367. 

b.  Purpose  of  Inspection 

Evaluation  of  the  existing  conditions  of  the  subject  dam  to 
identify  deficiencies  amf  hazardous  conditions,  deters  *  if 
they  constitute  hazards  to  life  and  property  and  reccmnend 
remedial  measures  where  necessary. 

1.2  DESCRIPTION  OF  PROJECT 


a.  Description  of  Das  and  Appurtenances 

The  Fresh  Air  Fund  Das  consists  of  a  880  feet  long  homogenous  earth 
erianknent  with  rip  rap  protection  cn  the  upstreas  slope.  It  Is  about 
44  feet  in  height  at  its  ■axis®,  with  a  crest  width  of  20  feet.  The 
structure  has  an  upstream  slope  of  3  to  1  and  a  downstream  slope  of 
2  1/2  to  1.  A  4'  x  4 '  concrete  drop  inlet  spillway  is  located  cn  the 
left  end  of  the  erdsanksent.  It  empties  into  a  36"  diaaeter  corrugated 
Beta!  pipe  running  through  the  embankment  and  into  the  original  stream 
channel.  A  12"  steel  reservoir  drain  pipe  Is  located  through  the 
embankment  at  elevation  698.  The  right  end  of  the  embankment  is  adjacent 
to  the  grass  lined  emergency  spillway  which  is  80  feet  wide. 

5.  Location 

The  dam  is  located  in  the  Lower  Hudson  Basin  mi  the  to^taiters  of  an 
unnamed  tributary  to  the  Fishkill  Creek. 

The  Fresh  Air  Camp  is  located  mi  the  downstream  channel  approximately 
0.4  miles  below  the  dan. 

c.  Size 

The  dara  is  35  feet  high  and  iaxxinds  approxisately  2M  acre-feet  at  noraal 
water  elevation.  The  daa  is,  therefore,  classified  as  in  size 

(25  to  40  feet  in  height). 

d.  Hazard  Classification 

The  dam  is  classified  as  high  hazard  due  to  its  location  in  relation  with 
the  Fresh  Air  Cairo  and  heavy  recreational  use  of  toe  area. 


T  I  -* 


"M1<M  I™  1,1  r|lUllil'i‘,(1' HII'Hi'I 


The  daa  Is  owned  by  tne  .-resfc  Air  rm a.  ft*.  Lawrence  Midcloic 
Assistant  Executive  Birector  of  Csgnng,  SCO  H.  43rd  Street 
Hew  York,  tew  York.  '21 2) £56-0221 .  Steer iutendertt,  ft*.  willl 
Seitz  (9i4)ffi7-4107. 

f.  Purpose  of  Oar 

THe  daa'is  primarily  used  for  recreation  associated  with  the  c 

g.  Cesicn  and  Ccnstructicr  History 

the  daa  was  designed  cy  the  'J.S.u.A.  Soil  Conservation  Service 
1951.  It  was  constructed  the  s me  year,  by  David  Alexander  of 
New  York  under  tee  direction  of  tee  SCS  construction  engineer, 
ft*.  Hank  Saris. 

h.  Sc real  Opera tiro  Prccadures 

Water  releases  free  tee  reservoir  are  passed  through  tee  drco 
spillway.  The  reservoir  a*aio  is  believed  t©  be  operable. 

PE5TINEN1'  DATA 


a.  Drainage  Area  (acres) 

280. 

b.  Height  of  Das  (ft.) 

35. 

c.  Discharge  ?t  Das  Site  Ccfs| 

Spillway  at  Eaercency  Spillway  £1. 

198 

Total  at  Tcp  of  Baa 

1092 

Reservoir  Drain  (f  Horaa!  H.S.  El.) 

22 

d.  Elevations  {ft.,  USSSi 

Top  of  Dae 

737. 

Spillway  Crest 

732. 

fesergeBcy  Spillway  Crest 

734. 

e.  Reservoir  (acres J 

Surface  Area  at  Spillway  Srsst  22.3 

Surface  Area  at  Top  of  Da®  3C.3 

f.  Storage  (acre  feeti 


Type:  Reinforced  concrete  drop  inlet,  bituminous 
coated  corrugated  metal  pipe. 

Size  of  Inlet  (ft.)  4 * x4 * 

Size  of  Conduit  (ft.)  36"  dia.,  300  Tin.  ft. 

(2)  Auxiliary  Type:  Single  vegetated  earth  channel 

Bottom  Width  (feet)  80 

Side  Slopes  (V:H)  1:2 


Reservoir  Drain 


diameter  steel  pipe. 
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SECTION  2:  ENGINEERING  DATA 


2.1  GEOLOGY 

The  Fresh  Air  Fund  Dam  is  located  in  the  "New  England  Uplands" 
physiographic  province  of  New  York  State.  Maximum  relief  is  in 
the  Hudson  Highlands,  where  elevations  range  from  800  feet  below  sea 
level  (bedrock  of  the  Hudson  River  Valley)  to  more  than  1500  feet. 

Rocks  in  the  uplands  are  either  metamorphic  or  igneous,  and  land 
forms  are  closely  related  to  their  durability.  Strong  topographic 
linearity  character! zes  the  Hudson  Highlands;  most  of  the  ridges 
and  valleys  follow  the  northeastern  southwest  strike  of  the 
metamorphosed  rocks. 

The  "Geologic  Map  of  New  York" (1950)  indicates  that  the  bedrock  in  the 
vicinity  of  the  dam  is  Biotite-quartz-plagioclase  gneiss  with  subordinate 
biotite  granitic  gneiss,  amphibolite,  calosilicate  rock  of  the 
Middle  Proterozoic  Era  deformed  by  the  Grenville  Orogeny. 

The  "Preliminary  Brittle  Structures  Map  of  New  York",  developed  by 
Isachsen  and  McKendree  (1977),  indicates  the  presence  of  faults  which 
have  experienced,  at  different  times,  both  dip-slip  and  strike-slip 
movement,  running  in  a  northeast-southwest  direction.  These  faults 
occur  approximately  1  mile  on  both  the  east  and  west  sides  of  the  dam. 

2.2  SUBSURFACE  INVESTIGATION 


A  subsurface  investigation  was  conducted  by  Mr.  Louis  Berger,  Soils, 
Consultant  of  the  Soil  Conservation  Service,  in  1950.  This  program 
included  a  series  of  auger  borings  in  the  borrow  and  foundation  area, 
and  5  test  pits  excavated  to  a  depth  of  8  feet  or  bedrock.  The  program 
also  included  laboratory  testing,  seepage  analysis,  and  embankment 
stability.  This  information  has  been  included  in  Appendix  E  "Stability 
Ana  lysis." 

The  subsurface  investigation  indicates  the  following:  The  left  abutment 
consists  of  a  massive  granitic  rock  outcrop  covered  in  spots  by  a  thin 
mantleof  boulder  clay.  The  valley  and  right  abutment  consist  of  a  compact 
deposit  of  glacial  boulder  clay.  The  soils  analysis  indicates  a  high 
shear  strength  and  a  low  permeability. 

2.3  EMBANKMENT  AND  APPURTENANT  STRUCTURES 


The  dam  was  designed  and  constructed  under  the  supervisor  of  the  Soil 
Conservation  Service,  Selected  drawings  of  the  dam  and  appurtenances 
are  included  in  Appendix  F.  The  dam  is  composed  of  homogeneous  earth 
fill,  the  maximum  height  of  which  is  44  feet,  an  8  feet  wide  cutoff 
trench  having  side  slopes  of  1  on  1 ,  and  a  foundation  drain  parallel  to 
the  axis  of  the  dam,  approximately  70  feet  downstream  from  the  centerline. 
A  reinforced  concrete  riser  and  36  inch  diameter  bituminous  coated, 
asphalt  paved,  corrugated  metal  pipe  serve  as  the  principal  spillway. 

A  vegetated  earth  channel  at  the  right  abutment  serves  as  an  auxiliary 
spillway. 
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2.4  CONSTRIC  T QN  RECORDS 


Construction  records  and  specifications  are  on  file  at  the  Camp 
Operations  Center.  No  major  construction  changes  were  reported.  The 
dam  was  built  in  1951  by  David  Alexander  of  Poughkeepsie  New  York. 

The  SCS  construction  engineer  was  Mr.  Hank  Davis. 

2.5  OPERATION  RECORD 

No  operation  record  is  available  for  this  structure, 

2.6  EVALUATION  OF  DATA 

The  data  presented  in  this  report  has  been  compiled  in  part  from 
information  obtained  from  Mr.  Willi  an:  Seitz,  superintendent  of  the 
Fresh  Air  Fund  facility.  This  information  appears  adequate  and 
reliable  for  Phase  I  Inspection  purposes. 


SECTION  3:  VISUAL  INSPECTION 


3.1  FINDINGS 


a.  General 

Visual  inspection  of  the  Fresh  Air  Fund  Dam  No.  1  was  conducted  on 
July  9,  1980.  The  weather  was  partly  cloudy  and  the  temperature 
ranged  in  the  upper  70's.  The  water  surface  was  approximating  the 
crest  of  the  service  spillway. 

b.  Embankment 

No  signs  of  major  distress  were  observed  in  connection  with  the  earth 
embankment.  No  evidence  of  misalignment,  sloughing,  subsidence, 
depressions,  or  surface  cracking  were  observed  on  the  embankment  slopes 
or  crest.  (See  Photos  #1  &  4)  The  upstream  slope  at  normal  pool  level 
was  riprapped.  (See  Photo  #4)  Extensive  vegetation  was  observed  along 
the  upstream  slope,  extending  to  the  crest,  at  the  left  abutment  contact, 
and  at  the  downstream  toe  of  the  embankment.  (See  Photos  #1,  4  &  5) 
Vegetation  was  also  noted  in  the  vicinity  of  Service  Spillway  intake 
(Photo  #2)  and  on  the  banks  of  the  auxiliary  spillway  adjacent  to  the 
access  bridge.  (See  Photo  #3) 

c.  Service  Spillway 

the  condition  of  the  service  spillway  appears  to  be  generally  good. 

Debris  was  observed  at  the  inlet  and  in  the  intake  chamber.  Extensive 
vegetation  was  noted  in  the  outlet  channel.  The  bituminous  coating 
of  the  outlet  pipe  is  deteriorated,  and  rust  is  forming  on  the  exposed 
corrugated  metal  pipe.  The  concrete  headwall  at  the  outlet  end  of  the 
pipe  is  cracked. 

d.  Auxiliary  Spillway 

The  auxiliary  spillway  appears  to  be  in  good  condition,  with  the  exception 
of  the  trees  adjacent  to  the  access  bridge. 

e.  Reservoir  Drain 

The  12  inch  diameter  reservoir  drain,  the  controls  of  which  are  located 
on  the  downstream  slope  near  the  crest  is  reported  to  be  operational. 

f.  Downstream  Area 

Inspection  of  the  area  below  the  toe  of  the  dam  was  impeded  by  the 
extensive  vegetation.  Seepage  was  observed  near  the  left  abutment  about 
40  feet  beyGnd  the  toe  and  about  40  feet  from  the  edge  of  the  service 
road.  The  amount  of  seepage  was  slight,  less  than  1  gpm,  and  it  appeared 
clear.  (See  Photo  #6}  Below  this  area,  some  depressions  were  observed 
which  appear  to  be  related  to  the  loss  of  fines  through  the  bouldery 
surplus  fill  material  spoiled  beyond  the  toe  of  the  dam.  (See  Photo  #7) 


g.  Reservoir 

There  are  no  visible  signs  of  instability  or  sedimentation  problems  reported 
within  the  reservoir  area. 


3.2  EVALUATION 


The  problem  areas  observed  during  the  inspection  and  the  recommended 

remedial  actions  are  as  follows: 

1.  Seepage  was  observed  near  the  left  abutment  beyond  the  toe  of  the 
dam.  Provide  a  program  to  bi-weekly  monitor  the  observed  seepage. 

2.  The  bituminous  coating  of  the  service  spillwaypipe  is  deteriorated 
and  rust  is  forming  on  the  exposed  surfaces  of  the  corrugated  metal 
pipe.  Remove  the  rust  as  encountered  and  restore  the  bituminous 
coating.  Also  repair  the  cracked  headwall  at  the  outlet  of  this  pipe. 

3.  Debris  was  ob- arved  at  the  inlet  of  the  service  spillway  and  within  the 
intake  chamber.  Remove  this  debris.  Provide  a  program  of  periodic 
inspection  and  cleaning. 

4.  Vegetation  was  observed  on  the  upstream  slope,  crest,  left  abutment, 
service  spillway  intake,  auxiliary  spillway,  at  the  toe  of  the  dam, 
and  in  the  outlet  channel  of  the  service  spillway.  Remove  this 
vegetation.  Provide  a  program  of  periodic  cutting  and  mowing  of  these 
surfaces . 

5.  Depressions  were  noted  beyond  the  downstream  toe  of  the  embankment. 
Backfill  these  depressions  and  monitor  this  area. 

6.  Provide  a  program  of  periodic  inspection  and  maintenance  of  the  dam 
and  appurtenances,  including  yearly  operation  and  lubrication  of  the 
reservoir  drain  system.  Document  this  information  for  future  reference. 
Also  develop  an  emergency  action  plan. 


SECTION  4:  OPERATION  AND  MAINTENANCE  PROCFDURES 

4.1  PROCEDURES 

The  normal  water  surface  is  approximated  by  the  crest  of  '.he  service 
spillway.  Downstream  flows  are  limited  by  the  36  inch  diameter  service 
spillway  pipe,  except  during  extremely  heavy  run-off  when  the  auxiliary 
spillway  is  in  service. 

4.2  MAINTENANCE  OF  THE  DAM 

The  dam  is  maintained  by  the  Fresh  Air  Fund.  Maintenance  of  the  dam  is 
considered  inadequate  as  evidenced  by  the  deterioration  of  the  bituminous 
coating  of  the  service  spillway  pipe,  debris  in  the  service  spillway, 
vegetation  on  the  dam  and  the  downstream  area. 

4.3  WARNING  SYSTEM 

There  is  no  warning  system  in  effect  or  in  preparation. 

4.4  EVALUATION 


The  dam  and  appurtenances  have  not  been  maintained  in  satisfactory 
condition  as  noted  in  "Section  3:  Visual  Inspection." 
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SECTION  5:  HYORAULI C/HYDROLOGIC 

5.1  DRAINAGE  AREA  CHARACTERISTICS 

The  Fresh  Air  Fund  Dam  is  located  on  an  intermitant  tributary  of  the 
Fishkill  Creek.  The  drainage  area  ccrmanded  by  the  dam  is  0.44 
square  miles.  The  topography  is  steep  and  heavily  wooded,  thereby 
resulting  in  a  moderate  to  high  runoff  potential. 

5.2  ANALYSIS  CRITERIA 

The  analysis  of  the  spillway  capacity  of  the  dam  and  storage  of  the 
reservoir  was  performed  using  the  Corps  of  Engineers  HEC-1  computer 
model.  The  unit  hydrograph  was  defined  by  the  Snyder  Synthetic  Unit 
Hydrograph  method,  and  the  Modified  Puls  routing  procedure  was 
incorporated.  The  Probable  Maximum  Precipitation  (PMP)  was  21.0  inches 
(24  hr.,  200  sq.  mi.)  from  Hydrometeorological  Report  #33.  Several 
floods  were  selected  (%'s  PMF)  for  analysis  in  accordance  with 
reconmended  guidelines  of  the  Corps  of  Engineers.  The  PMF  inflow  of 
1341  cfs  was  routed  through  the  reservoir  and  the  peak  outflow  was 
determined  to  be  1294  cfs. 

5.3  SPILLWAY  CAPACITY 

The  service  spillway  consists  of  a  4  feet  by  4  feet  drop  inlet  with 
crest  elevation  5  feet  below  top  of  dam.  The  capacities  at  emergency 
spillway  crest  and  top  of  dam  are  100  cfs  and  180  cfs  respectively. 

The  emergency  spillway  is  a  grass  lined  channel,  80  foot  bottom 
width,  located  at  the  right  abutment.  The  capacity  of  the  emergency 
spillway  at  top  of  dam  is  960  cfs. 

5.4  RESERVOIR  CAPACITY 

The  reservoir  capacities  at  the  crest  of  the  spillway,  and  at  the  top 
of  dam  are  288.0  and  373.0  acre-feet  respectively.  Surcharge  storage, 
spillway  crest  to  top  of  dam,  is  85.0  acre  feet  or  an  equivalent  runoff 
depth  of  3.62  inches. 

5.5  FLOODS  OF  RECORD 

It  was  reported  that  approxiidately  1  foot  flow  depth  in  the  emergency 
spillway  occured  in  August  of  1955.  This  flow  was  estimated  to  be 
340  cfs. 

5.6  Overtopping  Potential 

The  maximum  capacity  of  the  spillways  is  1084.  cfs  before  overtopping  of 
the  dam  would  occur.  This  results  in  the  ability  to  pass  85%  of  the  PMF; 
the  cam  would  be  overtopped  by  0.14  feet  during  the  full  PMF.  The  routed 
outflows  of  1/2  PMF  and  PMF  are  594  cfs  and  1294  cfs,  respectively. 

5.7  Evaluat.on 

The  spi 1 Iway  is  inadequate  to  pass  the  routed  PMF  outflow  of  1294  cfs 
without  overtopping,  however,  the  spillway  will  pass  the  1/2  PMF  outflow 
of  594  cfs  with  approximately  1.3  feet  of  freeboard.  The  spillway  is 
inadequate  for  all  storms  in  excess  of  85%  of  the  PMF. 
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SECTION  6:  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 


a.  Visual  Observations 

No  signs  of  distress  were  observed  in  connection  with  the  earth  embankment. 
Seepage  was  observed  near  the  left  abutment  beyond  the  toe  of  the  dam  and 
estimated  to  be  less  than  1  gpm. 

b.  Design  and  Construction  Data 

A  stability  analysis  was  conducted  by  SCS  during  the  design  of  the  dam. 

The  analyses  were  performed  using  the  circular  arc  method  and  the 
following  assumed  parameters  H=50,  =135  #/ft3,  C=325  #/S.F.  tg  t  =.29. 

The  results  of  the  stability  analyses  are  as  follows. 


Condition 

During  Construction 

Minimum  Factor  of  Safety 

Upstream  Slope  Downstream  Slope 

-  7.51 -  - - 

Reservoir  Full 

1.88 

Sudden  Drawdown 

1.005 

The  calculated  factors  of  safety  are  in  excess  of  the  minimum  factors 
recomnended  by  the  Corps  of  Engineers,  with  the  exception. of  the  rapid 
drawdown  case. 

Since  the  values  choosen  for  the  determination  of  shear  strength  are 
conservative,  and  sudden  drawdown  in  this  manner  unlikely,  it  is  believed 
that  a  safety  factor  of  1.0  is  adequate  for  this  case.  Therefore,  no 
further  analysis  is  required. 

Further  information  concerning  this  analysis  is  included  in  Appendix  E. 

Cj. _ Post  Construction  Changes 

No  post  construction  changes  have  been  undertaken. 

d.  Seismic  Stability 

The  dam  is  located  in  Seismic  Zone  1.  Therefore,  a  seismic  analysis  is 
not  warranted. 


SECTION  7:  ASSSSSMENT/RECCWENDATIONS 
7.1  ASSESSMENT 


a.  Safety 

the  Phase  I  Inspection  of  the  Fresh  Air  Fund  Dam  No.  1  did  not  reveal 
conditions  which  constitute  a  hazard  to  human  life  or  property.  The 
earth  embankment  is  not  considered  to  be  unstable  and  appears  capable 
of  safely  discharging  85%  of  the  PMF. 

b.  Adequacy  of  Information 

The  information  reviewed  is  considered  adequate  for  Phase  I  Inspection 
purposes . 

c.  Need  for  Additional  Investigations 

No  additional  investigations  are  required  at  this  time. 

d.  Urgency 

The  remedial  measures  listed  below  must  be  completed  within  1  year  of 
notification  to  the  owner. 

7.2  RECOMMENDED  MEASURES 

1.  Monitor  at  bi-weekly  intervals,  with  the  aid  of  weirs  or  other 
measuring  devices,  the  seepage  observed  near  the  left  abutment  beyond 
the  toe  of  the  dam. 

2.  Repair  the  deteriorated  bituminous  coating  of  the  service  spillway 
pipe  after  removing  the  observed  rust.  Also  repair  the  cracked 
concrete  leadwall  at  the  outlet  of  this  pipe. 

3.  Remove  the  debris  on  and  within  the  service  spillway  intake  chamber. 

4.  Remove  the  vegetation  noted  on  the  upstream  slope,  crest,  left 
abutment,  service  spillway  intake,  auxiliary  spillway,  along  the 
toe  of  the  dam,  and  in  the  outlet  channel  of  the  service  spillway. 
Provide  a  program  of  periodic  cutting  and  mowing  of  these  surfaces. 

5.  Backfill  the  depressions  observed  beyond  the  downstream  toe  of  the 
embankment  and  monitor  the  area  for  the  development  of  additional 
depressions. 

6.  Provide  a  program  of  periodic  inspection  and  maintenance  of  the  dam  and 
appurtenances,  including  yearly  operation  and  lubrication  of  the 
reservoir  drain  system.  Document  this  information  for  future  reference. 
Also,  develop  an  emergency  action  plan. 


. . . . . 


APPENDIX  A 

PHOTOGRAPHS 


Photo  #4 

Upstream  Face  of  Embankment 


Photo  #5 

Left  Abutment  -  Downstream  Face 


APPENDIX  3 


VISUAL  INSPECTION  CHECXL 


VISUAL  INSPECTION  CHECKLIST 


1)  Basic  Data 
a.  General 


_  __  /  ,  V 

Name  of  Dam  i^.r  sr  o .P  ~  1  ! ^  j- £»- 


Fed.  I.D.  #  N  z 


River  Basin 


F/w  Cid.' 


Location:  Town  £ ■  s  k  ’<  d\ 


DEC  Dam  No.  Zrz  >>  -  !  H. 


County  : 


Stream  Name  U  a ... , 


A  i- .  i-.w  v.» 


Tributary  of 


U  1  -  P  ■ , 


Latitude  (N)  ~\  i  pc  .  5 


Type  of  Dam  _ 

Hazard  Category 


.  ’rl--.. 


A.  V.sUP1-  CV.^ 


Longitude  (W) 


ir*  •  v 


?  3  Si  X 


•/  I. 

c 


Date(s)  of  Inspection  __  T  .  Is? -?o 

Weather  Cbnditfons  ...rPPU  f.i  .j.- T.-^.  lC)'s 

Reservoir  Level  at  Time  of  Inspection  ?\  w  ,  - 

b.  Inspection  Personnel  _ _ C  v  ■;  ■  W.  k  P.  P  c  Vr- 

-  - . -------  -----  r— :  — —  ; , •  - ---=—■ 

c.  Persons  Contacted  (Including  Address- &  Phone  No.) 


y- 1. 


n\r._  \-y .  N  ,  ,  •  ,/ 

f<>.\  -a  A  <S,^1  -  4.  j  (v  ^ 


'»  W .  -*Tj  -  r  t  a  ‘  i  aC  ’  »' 


- ,  x, A*.-  i .. _ ^  <■  c . 1 


n\  *  .  _ ,i  ■  >■  - . 


P  C  O-  Vw  ,  <  -tjs  J*~j  .  jV  ■  V  _ 


jT£6-  6?  3  ' 


History: 

Date  Constructed 


Date(s)  Reconstructed 


Designer  _ _ 

Constructed*  By 


AE-  i  i  -- 


Owner 


2)  Embankment 

a.  Characteristics 

(1)  Embankment  Material  _ C- !  c.  o  ■  '  ~  <  ■* _ 

(2)  Cutoff  Type  _ u  i- k _ 

(3)  Impervious  Core  _ o  <■••  ^ _ 

(4)  Internal  Drainage  System  _ C*  '  u  •  c  ^  c 

i  .  i  <  ■ 

C  c  ^  ■  ■;  e  ,-C-  '’i..  >  ~  c  C-/  ■  S 

(5)  Miscellaneous  _ 


b.  Crest 

(1)  Vertical  Alignment  _ z>,zo- 

(2)  Horizontal  Alignment  _ ^ ^  ^ 


(3)  Surface  Cracks  _ r>  c 


*(4)  Miscellaneous 


c.  Upstream  Slope 

(1)  Slope  (Estimate)  (V:H)  _ -  1  :  3 _ 

(2)  Undesirable  Growth. or  Debris,  Animal  Burrows 


(3)  Sloughing,  Subsidence  or  Depressions 


(4)  Slope  Protection 


r  *  P-  - 


v  l  1'  ''•"1 


;-)  W\L  L  ' 


(S)  Surface  Cracks  or  Movement  at  Toe 


Downstream  SloDe 


\  "  /«  V  <  *  /'V  .  .  V- 


(1)  Slope  (Estimate  -  V:H)  _ !_>  •  S _ 

I 

(2)  Undesirable  Growth  or  Debris,  Animal  Burrows  a  \> 

L-'-i  cA--!  wi  ^  tc-v 


-if 


(3)  Sloughing,  Subsidence  or  Depressions 


-.V.  i  C  N 


(4)  Surface  Cracks  or  Movement  at  Toe 


/->  "  A  V*  X  <■-  %  ’ 


(5)  Seepage 


(6)  External  Drainage  System  (Ditches,  Trenches;  Blanket) 


(7)  Condition  Around  Outlet  Structure 


<"*  «■  c  \i  v. 


(8)  Seepage  Beyond  Toe  _ 


< —  >  *  C 


Abutments  -  Embankment  Contact 


Reservoir 


a.  Slopes 


C«  C  -  ^ 


/ 

Sedimentation 

*  '  -•  -> 

Unusual  Conditions 

Which  Affect  Dam 

6)  Area  Downstream  of  Dam 

a.  Downstream  Hazard  (No.  of  Homes,  Highways,  eto.) 


.  •  \  c  .  «- . 


\ 


% 


b.  Seepage,  Unusual  Grdwth 


C.  C  ••  •tc.-  *:  c  c. 


V,.<  ^  ^  ^  ^  V->  r  ,  .  **  «  »  *  »  V  ~ 


y  •  »  ;  t  y  •  \  U. 


:  i 


c.  Evidence  of  Movement  Beyond  Toe  of  Dam 


T\  s, --x 


*.  •  ' 


t»  '  '»  ^  '  <  X 


t  ~  *  C.C 


d.  Condition  of  Downstream  Channel 


7)  Soillway(s)  (Including  Discharge  Conveyance  Channel) 


a.  General 


b.  Condition  of  Service  Spillway 


Condition  of  Auxiliary  Spillway 


Condition  of  Discharge  Conveyance  Channel 


8)  Reservoir  Prain/Outlet- • 

Type:  Pipe  _ ^ _  Conduit 

Material:  Concrete 
S: 


Invert  Elevations:  Entrance  _ 

Physical  Condition  (Describe) : 

Material:  C  ° _ 

Joints :  _ ■-  _ 

Structural  Integrity:  _ 


Hydraulic  Capability 


2 _  Exit  J  V 

Unobservable 

Alignment  ■  c  - 


Means  of  Control:  Gate 

Valve 

_  Uncontrolled 

Operation:  Operable 

Inoperable 

Otiier 

Present  Condition  (Describe) : 

• 

Movement  -  Horizontal  &  Vertical  Alignment  (Settlement) 


.  Junctions  with  Abutments  or  Embankments  ^ 
_ *-•  y'  _ 


.  Drains  -  Foundation,  Joint,  Face 


. . 


i- 


APPENDIX  C 


HYDROLOGIC  /  HYDRAULIC 

ENGINEERING  DATA  AND  COMPUTATIONS 
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CHECK  LIST  FOR  DAMS 
HYDROLOGIC  AND  HYDRAULIC 
ENGINEERING  DATA 


1 


AREA -CAPACITY  DATA: 


Elevation 

(ft.) 

Surface  Area 
(acres) 

Storage  Cauacitv 
(acre-ft. ) 

1) 

Top  of  Dam 

717.0 

■30.0 

3775.  O 

2) 

Design  High  Water 
(Max.  Design  Pool) 

734.2 

'3s  3S-0 

337.0 

3) 

Auxiliary  Spillway 
Crest 

754-0 

4'  74 .  o 

3ZZ.0 

4) 

Pool  Level  with 

F lashboards 

-  • 

— 

5) 

Service  Spillway 
Crest 

73Z-0 

? 

388.0 

DISCHARGES 


Volume 

(cfs) 


O.  5" 


/SO 


/4Q. 


1)  Average  Daily 

2)  Spillway  q  Maximum  High  Water  (TJ fyr,  ') 

■  S 

3)  Spillway  (5  Design  High  Water 

L)  Spillway  q  Auxiliary  Spillway  Crest  Elevation 
5)  Low  Level  Outlet 

r  ♦ 

A)  Total  (of  all  facilities)  @  Maximum  High  Water \Tcrbj  //QQ. 

7)  Maximum  Known  Flood 

8)  At  Time  of  Inspection 


A: 


»  ! 


I. 


O.Z' 


z 


Loca  t  ?  on 

SPILLWAY: 


SERVICE 

AUXILIARY 
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/yj££r 
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'  A  ' 
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00.0  ' 

• 

Type  of  Control 

y 
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s' 

Control  led: 

- 

Type 

(Flashboards;  gstel 
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Size/Length 

Invert  Material 

Anticipated  Length 
of  operating  service 

^  / 

'CO  Crff 

Chute  Length 

C.  '/U)  >J?f/ 

Height  Between  Spillway  C 

rest  3?7 

&  Approach  Channel  lave 

rt 

(Weir  r lov) 


inDHdHt 1 tftulUU I  CAL  GAGES: 


Type  : 
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Records: 

Date 


‘  J 

Max.  Reading 


JU.  1 15 

{  V'  1 


•r 


*  j  j'\>  • 

ing  -  LcrrlTiJ  I  .^•yj  \£jj_  >■  JytS'L  ~ 

7  j 


i 


FLOOD  WATER  CONTROL  SYSTEM: 

Warning  System:  _ yy^^yS 


Method  of  Controlled  Releases  (mechanisms): 


> 
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_/  X 
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Jr 
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/ 
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INVESTIGATION  0?  FOUNDATION  i\SD  ZESIW 
HERALD  TRIBUNE  FRLJi  AIR  FUND  Dfiit 
Fishmi,  New  York 

Susraary: 

A  oaopacted  earth,  fill  dm  about  SO  feet  is  maxima  i^irht 
•>nd  300  fent  long  has  been  proposed  near  Eishldll,  Sew  Yoif-c,  nt 
the  Pioneer  Canp  of  the  Herald  Tribune  Fresh  Air  Fund-  The  left 
abutment  consist 3  of  a  nasal re  granitic  rock  outcrop  corerod  in 
spots  by  a  thin  nan  tie  of  boulder  clay.  The  vulley  find  right 
abutment  consist  of  a  connect  deposit  of  glacial  boulder  clay. 
Analysis  of  the  foundation  soil3  indicated  a  high  shearing  re¬ 
sistance  jog  low  permeability.  The  foundation  ras  judged  excel¬ 
lent  and  fully  competent  to  carry  the  load  of  the  proposed  dsn 
without  danger  of  over-stress  or  of  excessive  settlement.  2'..& 
material  for  the  compacted,  fill  dan  is  to  oe  obtained  free:  borrow 
pits  dowsstresn  of  the  structure-  Tor  a  crest  elevation  of  TO£, 
about  135,100  cubic  yards  of  fill  fill  be  re-.uired  rith  m  average 
haul  distance  of  750  feet  to  the  =£ss  center  of  the  dsn. 

The  glacial  boulder  ciay  available  for  fill  is  high  in 
and  very  sensitive  to  xoivturo  ccnditionr  •■‘•sn  co£rp".cted-  At 
v.  _cer  contents  of  13  to  15  pur  cent,  very  nigh  denciticc  •'ta  c  -:cr 
lag  strengths  ere  obtained.  At  -rater  contents  ever  IS. 5  ter  «n.rt. 
the  i'ili  is  soft  and  rubbery  and  hed  iuci equate  r.:sfn.~tbs  'od  defi.*. 
sities  regardless  of  the  mount  of  worst  expended  in  compaction. 


’■A—* 


Borrow  tiroes  instrera  of  tie  proposed  sit^  rsre  not  considered 
because  tie  soil*  is  that  area  ssers  found  too  set  to  be  *x:-jd 
when  tie  field  studies  rere  rede  in  itaj  1250.  If  tie  sater  con¬ 
tent  of  tns  Lorres  n-teriai  is  properly  controlled  in  tha  field, 
then  five  passes  of  a  trucier-5rs»a  sleepsf op :  roller  will  un¬ 
doubtedly  produce  fill  of  adequate  s  trees;  Vi  to  psnsit  urstrwx 
slopes  cl  1  sj  I  sac  toco  stress  £lop^“  of  1  or-  £.5. 

an  internal  seepage  ciua  has  been  -  eslrsod  to  intercept 
seepage  ti^rou^n  iouadstioa  end  fill.  1  curpacted  clay  cui-eff 
trench  is  proposed  to  'st  off  flow  tirou^h  tbia  wrdsss  feurcsr— 
.ion  s  *r.s.ic.. 

-roctou  control  aessnrsa  axe  resuired  nn  thin  r«=.  rhirty 
inches  or  riprap  ore  proponed  oetsesa  ols-ratica  450  sad  505  on 
the  uostreea  face  for  protection  e^ainsi  rare  cash..  A  15-inch 
ijrcvd  alaaiet  is  proposed  on  the  aovtisrrean  aide,  rith.  m  al tor- 
net  e  of  secular  end  ns-ching.  1  5- foot  terrinus  send  and  yrersl 
fill  of  local  tiitarrsi  onlr  to  desirable  on  both  uprtrem  end 

tr?5S  SSOpeO. 


Investigation  of  Foundation  and  Design 
Herald-Tribune  Fresh  Air  Fund  Bam 
Ilsnkill.  New  York 

I •  Introduction 

(a)  Hature  of  the  Project 

!•  "h0  proposed  Hersld-Tribuna  Lsn-  la  to  be  of  the  compacted 

earth  fill  type,  approxioutely  £00  feet  long,  and  *ith  a  mastitua 
height  cf  approximately  1C  feet.  The  alto  selected  is  -bout  5  miles 
southeast  of  Flshkili ,  jje»<  York,  at  the  Pioneer  Fresh  Air  Tuna  Camp 
of  the  'lev/  York  nortu.U-Trii.une,  The  pond  created  by  this  asm  will 
be  used  for  rec -e&tionsl  purposes  by  un£&rpriviieSod  children  from 
'<ew  York  and  adjacent  urban  arena. 

( b)  Scope  of  this  henovt 

2.  The  results  of  rue  foundation  invoattg-  tion  and  soil  mechanics 
for  the  Heralc-Tribune  Dam  are  presented  in  thi3  report.  The  investi¬ 
gation  consisted  of  an  inspection  anu  foundation  exploration  of  the 
dam  site,  laboratory  casts  on  the  foundation  materials  and  the 
materials  available  for  the  compacted  embankment,  analysis  of  the 
proposea  dam  for  stability,  anu  analysis  of  various  other  design  and 
construction  features.  The  hydrology  of  the  project,  the  design  of 
hydraulic  appurtenances,  and  the  economics  of  the  projeec  were  not 
considered  in  tnia  report. 

(  c)  Personnel 

3.  A  field  inspection  of  the  proposea  asm  site  v;&s  maae  by 
ilr.  W.  is.  Atkinson,  Regional  Engineer;  Mr.  Glean  Grubb,  ossi^a  Engi¬ 
neer;  and  Louis  Berger, ’Soils  Consultant  of  the  noil  Conservation 


Service.  The  inspection  v/as  made  on  i.ay  2  una  3,  19!iO,  and  at  that 
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time  field  samples  of  borrow  end  foundation  materials  were  obtained. 

II .  The  Exploration  Prorrsm 
foundation  Borings  and  Test  Pita  * 

4.  Tha  foundation  exploration  at  this  site  consisted  of  a  series 
of  auger  borings  in  the  proposed  borrow  and  foundation  area  and  5  test 
pits  excavated  to  a  depth,  of  approximately  8  feet  below  natural  ground 
or  to  rock.  The  location  of  these  borings  and  of  the  test  pits  are 
shown  on  Figure  2.  The  summary  of  the  natural  water  contents  is  pre¬ 
sented  in  Table  1.  Test  pit  No.  3,  which  was  located  close  to  the 
centerline  of  the  propo3Qd  structure  at  a  section  where  the  embpnkment 
fill  w\  id  be  a  maximum,  was  selected  as  the  best  location  for  undis¬ 
turbed  foundation  samples.  The  initial  efforts  were  to  obtain  2-inch 
shelby  tube  samples.  The  nature  of  the  glacial  boulder  clay  vas  such 
that  only  one  sample  of  this  size  was  successfully  obtained.  Field 
examination  revealed  that  many  of  the  stones  in  the  foundation  material 
v.sre  larger  than  2  inches  in  diameter.  Since  5  shelby  tube  samplers 
h-  c  been  dumuged  beyond  repair  in  recovering  this  one  sample,  further 
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effcrtr  to  obtain  the  2-irch  samples  rare  not  made.  Several  at¬ 

tempts  vore  nails  to  obtain  3-inch  diameter  undisturbed  shelby  tubes 
samples,  but  because  of  the  large  number  of  stones,  the  sampling  tubes 
•.'ere  damaged,  and  no  further  attempts  could  bo  made  to  recover  nannies 
of  this  .'’iamater.  The  final  undisturbed  -renoling  as  done  with  5-inch 
ruddy  tubes.  Four  -attempts  produced  t-'n  .samples  each  5  inches  in 
diameter  and  appro xinately  15  inches  long.  One  of  these  servoles  -ss 
of  the  yellow  foundation  clay  extending  from  a  depth  of  approximately 
2  to  6  fort  below  natural  ground,  and  the  ottrr  represented  a  stratum 


i 

} 
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of  blue  clay  beginning  6  feet  below  the  surface  and  extending  to  at 

< 

least  10  feet  balow  aotural  ground. 

Exploration  of  Borrow  Areas 


Sorrow  orsas  rs re  originally  proposed  both  upstream,  and  down¬ 
stream  of  the  proposed  dam  site.  A  large  nisaber  of  auger  borings 
were  made  in  both  areas,  but  because  of  the  stony  character  of  the 
glacial  clay,  very  few  of  foes**  borings  could  be  made  to  a  depth 
greater  than  3  feet  below  natural  ground.  Host  borings  had  to  be 
abeu.  domed  xi thin.  26  inches  of  the  surface  because  cf  the  presence 
of  l:r-a  ree'es  which,  could  not  be  penetrated.  All  of  the  borings 
and  test  nits  revealed  a  conrptct  gravelly  or  stony  glacial  boulder 
clay.  ?h~TS  r.s  a  lack:  of  he-noeansity  of  the  clay  in  any  specific 
area,  ’cut  there  wan  e  sufficient  uniformity  in  the  character  of  this 
boulder  clay  in  nil  srssc  to  mate  a  large  number  of  borrow  pits  or 
angc*”  fccrinra  vnnecesnary.  Two  of  the  tost  pits  on  the  right  abut¬ 
ment  '.era  cons’  ierud  to  represent  typical  boulder  clay  conditions  at 
this  site  ana  «‘ere  selected  as  the  source  for  samples  of  the  borrow 
nist-eri'lfi.  Composite  samples  wore  taten  tc  represent  the  strata 
T'  or.  to  <  foot,  4  to  6  f'-ct,  and  6  to  3  feet.  Visual  erwei nation 
of  tni - aterirl  in  the  field  indicated  shat  it  ;-.as  a  gravelly, 
sandy,  glacial  silt  containing  some  clay  .  ud  sene  boulders.  There 
appeared  to  be  very  little  visu.:l  difference  in  the  texture  of  the 
fines  of  each  of  those  o Irate.  ?»i3  mujor  cifi’erenco  appeared  to  bo 

In  tho  quantity  of  gravel  presast,  and  the  dearer  samples  seemed  to 
be  nor a  gravelly.  Jar  samples  were  obtained  for  tsisturs  content s. 
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and  largo  sack  samples  were  obtained  for  running  proctor,  remolded 

t 

consolidation,  trlaxLal,  and  direct  shear  testa. 

III.  Laboratory  Testing  Program 


Tost  Procedures 

?.  The  test  procediires  that  were  used  in  analyzing  this 
materiel  follow  the  standards  established  by  the  American  Society 
of  Tooting  notarial o  and  the  American  Association  of  State  High¬ 
way  Officials.  Pull  details  can  be  obtained  by  reference  to  the 
"LivraafflOTI  ’tsussm  MANUAL"  published  by  F.  M.  Dawson,  Pitman  Pub¬ 
lishing  Company,  New  York.  Photograph?  of  the  equipment  used  are 
included  in  the  Appendix. 

Cl-aoi  <*1  cation  Toots 

8.  rticie  sire  '•-nslyses  of  the  borrow  pit  samples,  the 
foundation  samples,  end  the  auger  boring  samples  were  made  by  the 
combined,  sieve  and  hydrometer  method.  The  percentages  of  day, 
silt,  rand,  -.aid  .-.revel  present  are  shown  in  Table  1  _ad  Figure  3. 
The  equipment  uscd'ia  tnc  performing  S--;«e  particle  site  deter¬ 
minations  is  •.ho’.Ti  ;.s  photograph  ?-l. 

0.  .  r. ~brr.'-  ilrlt~  - f  condstoncv.  The  iiouid  ^jn»l 

pic  >io  limits  of  representative  sampler,  from  the  test  pit  er.d 
fourd-tion  .-ore  actcmineu,  etui  I'.ese  Limits,  es  well  as  the 
pi  :i deity  in."  Ice.:,  rr.  presented  in  the  •*U7rnry  Tsble  No.  i- 
The  .-.tverberg  limit:  An  thsaiselvoc  here  r.o  specific  cegineerirvr 
use  but  ere  extremely  valuable  in  dividing  the  various  soil  types 
into  -pacific  groups  for  classification  purposes.  The  equipment 
used  in  making  Atterberg  limit  analyses  is  shown  on  photograph  2-2. 


iMWM< 


10.  'Tatar  content  find  .•■osciflc  :?rarltv  determination. 

« 

Natural  ’.vat or  content  determinations  were  made  on  the  undisturbed 
samples  and  all  jar  samples  which,  were  obtained  in  th8  field. 

The  results  of  these  determinations  are  shown  in  Table  1.  Specific 
gravity  determinations  sere  made  on  typical  samples  of  the  borrow 
and  undisturbed  foundation  material.  The  results  varied  from  a. 69 
to  2.73.  These  data  sere  used  for  hydrometer,  consolidation,  and 
triuxial  coitaro30ion  computations. 

3jlectuin_of-A£orea£ntayj_a_ftLn2ie3_fi^_SpwcisyL_Te3ts 

ii..  The  shearing  strength  characi:erLsti.c&,  the  cyrrpreaai- 
biiity,  and  the  yarmoabiiity  of  the  foundation  material  were  re¬ 
quired  in  aec-igning  the  dam.  Tae  engineering  properties  of  the 
'ounaciVloa  hi.'<r,«ri«i  -;ro  b-tsad  on  direct  3hear  end  consolidation 
tests  of  *!*)ecittiOns  from  the  pit  .“O.  o»  visual  ci.as3iii— 

cation,  ns  *>311  <-s  laboratory  detacainations,  indicated  that  the 
.  .)iiov<  oiu/  from  a  to  0  feet  belov;  natural  cix*unu  surface  >-«s  cou- 
iderabiy  cifforeu.--  .roh  the  blue  c_uy  existing  below  6  feet, 
i’or  th.-.t  re-oon,  u  con  flute  oet  of  ccnooiidutlon-psr.icebillty 
tc  os  enu  -..leur  t-iooc  -..urs  made  nn  both  *.yp»a  ;>f  material. 

lh.  '.or  rs.;  -y.  tori-»i3.  Crain-  j-  -:o  •.•wU.y.ws  of  i..e  burrow 
pit  t/rilfs  ia.>icatcu  come  variation  in  th9  texture  at  the  various 
novations.  Consolidation  teot3  v.ere  serfor.ed  on  two  -.espies 
:rom  cr-.cn  borrow  s..ratua,  that  is,  £  to  4,  4  to  C,  and  o  to  d 
fast.  Uutcnfi.ioe  com^ruosion  tests  for  csteroining  sis.--.ring 
strength  v.ors  tloo  performed  on  temples  fron  each  of  these  eleva¬ 
tions.  A  further  study  was  made  of  the  properties  resulting 


when  the  three  types  of  material  were  aired  together  as  they 
•aIII  be  when  the  borrow  material  is  placed  in  the  embankment. 
Special  Toot3 

13.  ComoHCtlon.  Proctor  compaction  toots  r.u rs  c^ie  on. 

the  borrow  materiel  samples  from  each  clo7.--.tion  to  ermine 
their  oenaro.l  compaction  characteristics  and  to  ecti.bli.3h  the 
ontiiawi  water  content  for  sitociRtci  density  and  shc-nring  toi'.rcgth 
under1  02 1 7  conditions.  This  aimamua  d-cnaity-optlmuat 

'■titor  CT’cent  >/*..•;  »Iso  used  as  a  guide  for  compacting  r.poci*‘.ins 
to  be  \v:qv  Cor  consolidation,  tri axial,  end  unconfincd  cor-pros- 
sion  tf'tP.  Paeh  o'"  the  materials  rlesi.-rncPed  cz  A,  L,  ■  jiC  C 
were  cm-pastec1  by  tiio  tasc-urd  Proctor  M ethos,  using  23  blows 

a  F.v-^ur-c  '••.arr.'-r  dropped  \  -.d'rt'.nco  of  12  inches,  vdth.  the 
♦•est  belt.-  pertomod  in  a  -tandem  cylinder  hr.-riiur  a  voiitcc  of 
\/VO  c  •’  a  cubic  toot .  Vho  result.?  of  these  tests  sra  pre¬ 

senter  re  plvte  4.  a.  -'ix-toi.-rach  of  the  "ittjrisrv  cylinder  and 
hssr-cr  *.  -'.ot.  '=3  P-4.  The  c'vccaction  moles  used  for  mt-.-'ing 

ccrssi’.v  -♦.ion  -:r.c  -T*i?*.Ti'-l  compression  tort samples  r-ro  indl— 
(.•"t?'1  *  v  In  •,eror«i*,“.ce  vit<*  otenear''  >,roce,i',./m,  rj  l  of 

b—rrs"'  rrotemcl  "tspirc  .*foro  scroenoii  ♦ ■  .o ' '  * . 7 1 1  .i  *-■! p^n  y , 
T*?i'*'^Tirr  o.boirfc  ore— -lUc.-rter*  .? ♦*  r.!i«  •  -v  ■  --bt T  'T'--*-'1!  sting  nf 
*v  inch  to  e  inch'’!?  in  di  cts'C'*-,  ’•'tiich  ootepni r.<3  about 
”0  to  ?0  -cor  ccr.t  c1’  v'"c  x »fc  of  the  .-oi  3 . 

14.  Conmli^-tion  :r' "to.  Conrolt  ’ntlon  roots  var«  per- 
forr.ed  cn  i"*z  tyres  or’  undis  turbed  foundation  -.srijJ  ~nd  on 
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two  oemplos  of  each  of  the  3  strata  of  |>orrow  material  selected 
as  representative  in  the  dam  site  area.  The  results  of  these 
consolidation  tests  oro  presented  in  Figures  U  through  14,  in¬ 
clusive.  Tl:o  compression  inti  ex  for  these  muteriais  is  tabulated 
in  Tuhlo  2. 


IS.  Puree  ability.  Fcjccaubility  tents  were  made  on  the  un¬ 
disturbed  foundation  octplea  »nd  on  tho  compacted  borrow  material 
o copies  in  conjunction  with  the  consolidation  test.  For  each 
wtrits  of  consolidation  testi,  p  omasa  olli  ties  were  untsimined  at 
t  voio  r-tioc  in  oi.s-jr  to  obtain  .<u  averse  relationship  of  void 


v.tio  to  pejiaeabill ■>'/  under  7«rious  aomAl  pressures.  The  per- 
iacbilitiuB  obtained  aro  tabulated  in  Table  1. 

T*i*<  un.Utwurbe.’  consolidation  teats  rumples  were  extremely 
difficult  to  prop&xo  from  tii*  b-incii  »a*lby  tube  mmoles  because 
.><  l.-.r^o  author  of  .j.;ones  crc.v'.ri; ,  In  - *ivs;ral  a 


i.  .rue  stone  wu;t  found  protruding  from  the  ••In**  or  ,>-p  *1 ter  the 
sn—pl-uo  .vc r  j  pi-a3tio.il.Ly  .'own  to  final  nine,  nevacul  o&aiplss  were 

r. ,J  jotsd  until  i;  .  found  t’nut  this  w-% 5  the  i-.enwr-ni  condition, 

uuu  if  i.ny  u  ;<li  j  turbo-;  'wars  co  he  vb  .11,  rutm  one  or 

s. ofi  tuiius  iouid  j  75  tu  bo  plucwod  out  -a>\  i  ttho  uivity  filled. 

The  ccncoli-iutlon  tents  of  tho  csmolded  ourapiea  -«sr*  m-mie  on 
;i..Uriul  xi’ujr  than  4  inch  in  dia'-mor.  ;u  gravel  und  stones 

comprJ  iiin^  flout  25  per  c  ant  of  ths  ini \ L ^  >  H  vei:’,ht  of  the 

uu.kpics  xuis  removed,  uiuce  tin  inclusion  of  Vais  material  would 

h.v/o . ic  the  toitj  impossible  to  p r-rio nn  Lu  Luo  laboratory  with 

standard  e^ulpm-sut. 

.  Shearing  strength  tin  tor.rl  nut  ion.  Ths  shearing  n  trench 
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characteristics  of  the  foundation,  and  embankment  materials  were  in¬ 
vestigated  by  direct  shear,  uaconfinad  compression,  ana  tri axial 
compression  tests.  Photographs  of  the  equipment  used  are  given 
in  photographs  P-7  to  P-12-  Direct  shear  test  samples  vtere  cut 
from  the  ^-inch  shelby  tube  samples  and  measured  3^  inches  by  1£ 
inches  thick.  The  presence  of  the  large  stones  throughout  the 
samples  necessitated  sons  patching  of  direct  shear  specimens  as 
indicated  for  consolidation  also.  This  disturbance  of  the  speci¬ 
mens  >ns  taken  into  consideration  in  evaluating  the  results  of 
these  direct  shear  tests.  A  timber  of  undisturbed  samples  were 
trimmed  for  triexisL  testing,  but  due  to  the  large  number  of  stones 
present,  the  specimens  resulting  were  30  ooor  that  they  could  not 
be  used.  The  rcs’dts  of  the  direct  shear  tests  are  presented  in 
Figures  15  end  16. 

The  ....a,-: ring  strength  of  the  borrow  materials  T-an  investi- 
£•-% eC  by  unccnfined  conproosion.  test::  end  one  series  of  tri axial 
••istu.  The  temples  used  rare  2  inches  in  diameter  by  4  inches 
long-  The  re.;ult.:  c"*  these  tests  are  indicated  in  Figures  17 
t^rourh  22(b),  inclusive.  Composite  samples  containing  equal 
parts  o?  "oil  from  the  A,  B,  cud  C  ctreta  ^re  likewise  tested 
sad  produced  results  essentially  similar  to  those  indicated  in 
figures  17  to  20  for  the  Individual  strata.  A  summary  of  the 
f-'r.e?.rin?  strength  versus  ■rater  content  and  density  of  recompacted 
comcoal to  borrow  samples  is  presented  in  Figure  22(b). 


XV.  Analysis  and  Application  of  Test  Results 
Consolidation  of  Foundation  * 

Tie  consolidation  of  the  foundation  under  the  main  section 
of  the  dsn  -vas  computed  fron  the  data  obtained  by  consolidation 
of  the  laboratory  toot  .-.smples.  The  total  magnitude  of  the 
settlement  under  the  marl  cm  height  of  fill  ir.  1.28  feet,  usaua- 
j  ng  ?6  feet  of  cl*y  overlying  rock-  The  tins  rosuired  for  to! 3 
settlement  to  occur  wes  seven  months,  which  is  probably  lass  than 
the  total  construction  period  of  this  structure.  If  the  construc¬ 
tion  rs-uircs  tiv-t  period  of  taae,  then  tctel  foundation  consoli¬ 
dation  in  tho  veil ay  section  xiii  occur  during  construction,  end 
no  allowance  In  the  fine!  net  trade  of  the  dee',  is  necessary  ts 
take  care  of  this  foundation  settlement. 

Cor.r<-=ct1on  cuv1  do-’-olic-.utiert  of  tho  PhjbsnSer.ent 

17.  Rslatian  l-et-eon  the  corny ction  ~nc  tec-  con joii::ation. 
Tb*  -riount  of  ->ettl^uent  that  '.'til  occur  in  this  orfcnniacunt  after 
construction  is  cosioicisi  is  directly  related  -,o  the  density  of 
the  ’'ill  placed  in  the  csibcaJowsnt.  If  the  spool fi cations  re- 
cuira  the-  contractor  produce  at  least  95  per  cart  of  the¬ 
oretic”!  cotis.tt-i  compaction,  then  the  edition  1  settle, -.sc.  Oi 
this  e.cb-.s:r  r"t  after  construction  will  be  negligible. 

2  9.  q  -at or  content  .so  d fieri ty.  The  or-Simum.  .-.‘tar 

content  of  the  borrow  suite  rial  7eried  frori  15.2  to  16.7  per  cent 
and  the  cerrespondin?  donsitiea  from  US  to  ILL  .-uueds  j'T  cubic 
foot.  V.otr.ri  13  A  end  13  as  soar  to  hare  s  conai  cerstiy  biuhsr 
optimum  density  then  material  C.  Thin  ▼nr; ntiou  in  density  is 


10 


basod  on  the  portion  of  soil  finer  than  $  inch  in  diameter.  This 
"C"  material  contains  in  piece  &  larger  percentage  of  coarse 
material  and  probably  will  ultimately  attain  about  the  same  density 
as  material  A  or  B.  Such  variations  in  density  are  to  be  expected 
in  glacial  couider  clays  of  thi3  type  end  '.d.11  undoubtedly  be  en¬ 
countered  repeatedly  throughout  the  construction.  This  borrox 
material  was  found  to  t-m  rubbery  and  at-ongy  at  vater  content  a  of 
approximately  16^-  nor  cent,  and  it  should  be  placed  in  the  field 
at  -.vater  contents  below  this  magnitude.  All  of  these  borrow 
matoiials  are  expected  to  readily  atUin  a  compacted  *et  ben  si  tv 
of  cc-tv.ee..  120  and  140  pounds  per  cubic  foot,  xitL  a  xinin-ra  of 
compaction  effort. 

13 •  ~k<L compaction ♦  The  laboratory  compaction  tests  mace 

in  this  investigation  -re  by  no  means  adequate  for  field  control 
during  construction.  The  rwer  In  optiovir  snarer  content  1  r.  not 
but  cue  variations  in  material  to  be  encountered  in  the 
field  any  oe  sufficiently  Largo  to  noceasi tuto  frequent  field 
comnactioc  control  tests.  Compaction  -eshs  will  be  required  and 
should  be  performed  or.  -oca  type  of  r.;  terial  used  in  the  anbont- 
r.ent,  end  these  results  should  be  carefully  correlated  -ith  the 
results  of  the  test  made  in  the  laboratory. 

Strength  soelysis 

lU.  Strentrsb-Ooformntion  ch~-r  -cta?i  ot.j  cs.  Lespite  the  ex¬ 
treme  car9  with  ..hich  the  ter  for  shearing  strength  rare  r.-r- 
ried  out  in  the  laboratory,  it  is  recognised  that  the  roil  - trrrr.tii 
results  determined  in  the  laboratory  --re  by  no  means  exactly  com¬ 
parable  aith  the  actual  shear  strength  of  the  materials  in  the 


field.  The  laTga  quantities  of  gravel  end  boulders  iu  the  founda¬ 


tion  will  undoubtedly  heio  produce  a  strength  in  the  field  that 
will  be  somewhat  higher  than  that  indicated  in  the  laboratory. 

The  .sanplos  .-anted  in  the  laboratory  not  only  had  ths3e  atoneo 
removed  but  ~*re  also  slightly  disturbed  in  being  placed  in  the 
sampling  tubes  and  taatins  a  erica.  The  best  uncles  orbed  samples 
probably  ul30  undergo  soma  volumetric  changes  in  being  rsnoved 
fron  their  natural  location  in  the  ground.  Those  factors  cannot 
be  accurately  evaluated,  end  for  these  reasons  the  true  soil 
strength  is  impossible  to  obtain.  Tho  strac^tna  ''hich  vsro  ob¬ 
tained  am  the  best  evcluctionc  no*  possible  -ith  s-victing  'mnpling 
end  testing  methods  and  ore  probably  10  to  25  per  cent  bsiov*  the 
true  strength.  ?h«  rtrsagth  values  which  -re  being  used  can  there¬ 
fore  be  considered  v.s  slightly  coasorv<i".i70  nod  on  the  :.efe  si  do. 


-1.  iiz reneth  of  the 


strerv.ti  of  tne  foundation  •material  need  for  des 
bacod  on  I’ract  .'--z-r  t^sto  of  the  undisturbed 
niurle  of  internal  friction  ^aa  salsa.  ;s  =n  _verc 


ign  pnrnoas?  1 
mplns.  The 
i-5  if  15  tears 


?uJ  t's  cones Lon  - 
c'.  strsnrth 
the  arbuf-rrsm  art 
trlaxial  tests  of 


stall Lshed  st  e'e  }0'--n.ib  oer  s,u ire  foot. 

of  toe  r.aba.rt .  ea* .  Th o  -v.-rage  strength  of 
artal  ns  date  mined  i’ron  the  aiicociiaed  and 
the  coapoeits  carpler*  &xtrspsir tod  to  a  .-win rated 


con-sl tion  •'-hero  the  strength  ot  each  density  would  bo  a  ninim-xn. 
The  strength  thet  >111  bo  obtained  in  the  • .tusl  ssn  day on  is  upon 
how  well  t>.g  fill  is  ocr-uoot'-c.  ror  tils  tj,a  x  .r-erini 


should  be  no  difficulty  obtaining  111.9  nouefo 
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at  this  density  a  cohesion  of  325  pounds  per  square  foot  and  a  fric¬ 
tion  angle  of  16  degrees  can  he  used.  * 

23.  Stability  "nalvses.  Stability  analyses  of  this  ankaakment 
vere  made  under  the  assueptions  of  a  1  oa  2^  slope,  s  I  cn  f,  and  a 
1  on  S»  slope.  Then?  analyses  were  made  along  a  cross  section,  through 
the  Talley  foundation  section  A-A  vrhere  the  embankment  height  was 
aunroxtaiately  so  fact  and  also  on  a  cross  section  through  the  abut¬ 
ment,  section  B-3,  *bere  the  embankment  was  approximately  25  feet 
in  height-  For  each  slope  a  number  of  pcsaibl-  failure  surfaces 
vsf*  onelvned  to  determine  that  particular  failure  surface  hairing 
the  lowest  factor  of  safety.  For  each  of  the  proposed  failure 
surfaces  three  conoitions  of  stability  '-ere  investigated.  They  are: 

a.  The  factor  of  safety  cf  the  smbaidment  during  the 
period  of  construction; 

b.  The  factor  of  safety  of  the  eubsniment  rs  the  reser¬ 
voir  is  Lilian  up  to  maximum  pool  elevation  of  lOG; 

c.  Vhc  -actor  of  safety  of  the  eabaalcaeet  if  the  reser¬ 
voir  "'e-re  very  suddenly  dre-sn  .-jown  from  pool  olevs- 
ticn  tc  in  elevation  of  453. 

Th*“  factor  of  safety  •-v-'.inrt  fail -ire  aionr  */rv  of  f.-->est>  "“re  cosed. 

**  *-  *  *  f 

sliding  surfaces  is  defined  as  the  sin  of  the  shearing  resistance  | 

forces  along  the  sliding  surface  divided  by  the  sum  of  the  driv¬ 
ing  forces  produced  by  the  unbalanced  vsirht  of  th9  embankment 
and  any  external  forces  due  to  the  rcser  orcssure  on  the  er bank- 
rent.  The  she-ring  rcr.istsr.ee  esn  be  computed  by  measuring  the 


length,  of  arc  along  the  failure  surface  -ad  nultiplying  that  length 
b7  the  unit  cohesive  resistance  of  the  caatarial.  The  frictional 
resistance  can  be  obtained  faoa  the  coefficient  of  friction  tines 
the  resultant  pressure  derived  iron  the  weight  of  the  eebenkaent 
acting  no£s_i  to  the  sliding  surface.  The  total  resistance  nesaat, 
therefore,  can  be  cccputed  as  the  radius  length  tines  the  sun  of 
the  cohesive  end  frictional  resistances.  The  driving  roccnt  caus¬ 
ing  failure  of  the  eobantoent  can  he  talcau  as  the  total  wei.-Ls  of 
soil  above  the  failure  surface  tines  the  eentroidai  distance  of 
this  sail  weight  freer  tno  center  of  rotation-  fiu3  sathod  of 
analysis  is  inosu  es  the  circular  -ire  -nethod  and  is  describee  in 


all  texts  on  aabanSarent  stability.  During  construction,  the 
ueight  of  the  ccitunhrent  i3  derived  solely  frua  the  ret  xsight  of 
the  soil  placed  in  the  fill-  After  constriction  is  completed  and 
eter  fills  the  reservoir,  the  buoyant  .-“feet  of  the  vatcr  reduces 
the  weight  of  the  soil  to  its  subnergsd  value,  shies  is  61.4  pounds 
per  cubic  foot  less  than  the  vet  weight  during  construction.  Con¬ 
sequently,  when  the  reservoir  is  filled  with  water  It  will  h>  ~s  a 
r.uch  higher  factor  of  safety  than  during  construction-  For  oc:ssni- 
nent  naterial3  with  low  pexseahilities  sj  -til  ca  uu=a  in  this  i*sj, 
the  lowest  factor  of  safety  uir.ays  occurs  during  u  sud-ieu  m.^loru 
of  the  reservoir.  In  this  cess,  -tier  -i to in  sho  interior  of  the 
ctbazfcnent  uoes  not  isve  a  chance  to  -train  out  of  the  vol's  rapidly 


enough  to  Vteep  balance  witu  the  water  pras'uri  in.  t!.c  rereivoir. 
Consequently,  the  driving  force  rtmaias  Site  i-ctc—  el  wcigr.t  of  the 
cabardcsont  soil,  but  the  fncticn*-i  t&sistance  is 


V.  the 


14 


effect  of  uplift  pressure  along  the  failure  surface.  la  view  of 
the  coasarratiTe  determination  of  sheering  strength  from  the 
laboratory  test  analyses  end  the  sererit7  of  the  sudden  crsrdovm 
requirement,  a  factor  of  safety  of  1.0  against  sudden  drawdown 
is  generally  usee  a3  the  criterion  far  determining  the  design 
slope  and  *as  also  used  for  designing  this  anhanhnent.  The 
analyses  are  shewn  in  detail  on  Jigares  23,  24,  and  25,  Figures 
25  and  27,  and  ere  tabulated  in  Table  3.  A  slope  of  1  on  3  bee 
nas  been  selected  for  the  upstream  face  of  the  aebansnant,  end  a 
slope  of  1  vertical  on  2£  horizontal  has  been  selected  as  a  suit¬ 
able  slope  for  the  downstream  portion  of  the  esbtufcnent.  In  eval¬ 
uating  the  critical  stability  of  tha  comastremn  section,  it  is 
important  to  note  tint  seepage  forces  sud  sudden  dm=do-*n  do  not 
affect  the  couns trees  face,  can  esnoe-jusatiy  toe  most  critical  con¬ 
dition  rill  be  during  constxuctioa- 

S*=ecrjge  tiirough  the  mb-nuiczeut.  Pemasbilitj  twines  for 
the  compacted.  embaaezent  materials  are  glTen  in  Tcbia  2.  The  . 
ohsrectar  o'  the  placial  material  and  the  netnod  of  placement  in 
thin  horizontal  layers  are  such  that  horizontal  remssbliitiea  are 
generally  grantor  then  trTaasbiiities  in  a  tart! cel  direction-  The 
absolute  difference  in  portability  or  the  esse  with  which  >ster 
can  pass  in  a  horizontal  versus  a  vertical  direction  for  this  se- 
ben'ensat  i--  almost  impossible  so  evaluate.  “res  practical  etc- 
r-arlesca,  it  is  res  orally  considered  taut  a  horizontal  permeability 
appro rinitcir  nine  times  the  vertical  permeability  should  be  used 
as  a  raasnanfcie  value.  *  study  of  t-e  permeability  data  rlro 
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indicated  that  the  average  permeability  of  'she  foundation  material 

t 

was  approximately  four  times  the  permeability  of  the  compacted  em¬ 
bankment  material.  The  reason  for  thl3  difference  in  permeability 
is  largely  due  to  the  fact  that  many  thin  lenses  and  streets  of 
coarser  fairly  granular  material  are  found  in  the  natural  founda¬ 
tion,  while  the  same  materiel,  when  thoroughly  mixed  end  placed  In 
the  embankment ,  will  have  a  much  T  ower  permeability. 

A  flow  net  representing  the  seepage  through  the  embankment 
under  the  conditions  of  a  variation  of  nine  times  as  rapid  a  He¬ 
in  a  horizontal  versus  a  vertical  direction  and  a  foundation  per¬ 
meability  four  time- 3  as  great  as  the  embankment  permeability  is 
represented  in  ligure  28{a)(‘o).  These  computation!  indicate  that 
the  quantity  of  soep-ge  through  the  embankment  will  very  from  20 
to  about  160  gallons  per  minute,  depending  on  the  compaction 
obtained. 

25.  Seepage  t, .rough  the  foundation  /ran,  hany  thin  lenses 
of  rranul.-.r  material  were  observed  in  the  test  pits  ana  are  a 
conr-jon  occurrence  in  glacial  clays.  To  prevent  excessive  ntar 
loss  tnrough  these  lenses,  it  is  considered  desirable  to  construct 
a  seepage  cot-off  close  to  the  centerline  of  the  structure.  The 
basic  purpose  of  this  cut-off  will  be  to  prevent  seepage  along  the 
contact  between  fill  and  natural  ground  and  to  break  the  continuity 
of  any  pervious  soaac  in  the  foundation.  This  cut-off  should  be 
excavated  to  a  minimum  depth  of  8  feet  and  should  be  bacxiilied 
with  the  most  impervious  clay  available.  This  buck  fill  should  be 
compacted  with  shsepsfoot  rollers  to  assure  maximum  density  and 
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minimum  permeability.  The  base  ,/idth  of  this  cut-off  trench  //111 

t 

be  governed  by  the  size  of  bulldozers  at  this  cite,  since  they 
will  presumably  be  used  for  moving  the  sheeosfoot  rollers  and  pos¬ 
sibly  for  Asking  this  excavation-  A  minimum  base  width  of  3  feet 
is  desired  and  3hould  be  maintained  in  the  valley  section  and 
right  abuteent.  The  left  abutment  of  the  dam  is  a  large,  ir¬ 
regularly  shaped  rock  outcrop  with  a  thin  mantle  of  clay  in  spots. 
It  would  obviously  be  impossible  to  excavate  a  trench  in  this 
left  abutment,  and  because  of  the  irregularity  of  the  boulders  or 
large  outcrops,  comnaction  of  fill  over  the  irregular  surface 
would  be  extremely  difficult.  To  eliminate  contact  seepage 
between  the  rock  foundation  and  fill,  it  is  proposed  that  a  low 
cut-off  wall  approximately  4  feet  high  be  constructed  along  the 
left  abutment.  Because  of  the  irregularity  of  elevation  of  the 
rock  surface,  the  height  of  the  wall  will  vary,  and  the  top  sur¬ 
faces  can  either  be  stepped  or  sloping.  This  cut-off  wall  should 
be  anchored  to  the  ledge  rock  with  properly  spaced  anchor  bolts. 
Blasting's;*  a  key  in  the  rock  i3  ct  essential,  and  any  crevices 
in  the  lodge,  if  filmed  with  compacted,  clay,  need  not  be  cleaned 
out. 

vg.  Dminege  provisions.  Drainage  provisions  are  required 
in  a  structure  of  this  type  to  prevent  the  outcropsing  of  seepage 
on  the  nownc-tream  face  of  tno  dam  md,  ceconoiy,  to  prevent  any 
foundation  seepage  water  from  outcropping  at  the  downs tream  toe. 
The  original  foundation  explorations  at  this  site  did  not  inciude 
any  deep  borings  in  the  valley  and  abutment  areas  to  doterr.ine 
whether  any  granular  materials  might  exist  at  an  appreciate  ceoth 


telow  natural  ground  surface.  Tils  info  mat  ion  would  have  been, 
desirable  but  -as  not  considered  urgent  from  the  stability  stand¬ 
point,  inasmuch  ns  the  general  geology  of  the  area  indicated  onl7 
rock:  tad  a  very  compact  boulder  clay.  The  presence  of  soft,  un¬ 
stable  strata  underlying  the  foundation  appears  extremely  unlikely 
from  the  geological  standpoint,  and  the  determination  of  v, -nether 
check  borings  shall  be  made  depends  on  whether  positive  assurance 
is  worth  the  added  expense.  The  presence  of  pervious  strata  at 
some  depth  below  the  test  pit  base  elevations  was  not  consiaered 
important,  since  the  auger  borings  and  test  pit3  indicated  a 
blanket  of  at  least  S  feet  of  impervious  boulder  clay  over  the 
entire  reservoir  area,  which  ’.would  la  effect  keep  the  leakage 
from  the  r-servoir  down  to  a  very  small  amount.  Tha  seepage 
interceptor  within  tha  interior  of  the  dam  serves  a  double  pur¬ 
pose:  in  drawing  down  the  embankment  seep  lines  and  cutting  off 
the  seen  lines  passing  through  the  foundation.  The  details  on  tae 
design  of  this  interior  drain  are  indicated  in  Figure  £9. 

I-rain.-rc  ^ro^isions  are  also  extremely  essential  to  prevent 
sheet  erosion  on  ths  downstream  face  of  the  dam.  One  method 
would  be  tc.  rod  the  downstream  face  or  to  seed  and  mulch  tne 
'lope  -Tvl  to  provide  sodded  grass  outlets  along  the  bem  and  at 
the  tntcrscictinn  of  the  slope  and  the  natural  ground.  A  second 
netho-l  -ould  be  to  use  a  12-inch  gravel  blanket  over  a  5-foot 
thickness  of  fill.  This  crovel  blanketed  sand  fill  would 

absorb  all  o?  the  precipitation.  Provisions  shouid  be  made  for 
intori  or  drsius,r?  by  means  of  tile  to  take  care  of  th.6  run-off 
during  any  period  of  heavy  precipitation. 
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V.  Conclusions  and  Recomenriotions 
Foundation  Conditions  t 

27.  Field  observations  and  a  study  of  laboratory  test  data 
indicate  that  the  foundation  conditions  at  the  proposed  site  of 
the  Herald-Tribune  Dam  are  excellent.  The  compacted  glacial 
boulder  clay  existing  at  this  site  'will  have  a  shearing  strength 
equal  to  or  greater  than  that  of  the  compacted  fill  to  be  placed 
in  the  embankment.  The  foundation  stability  is  more  than  ade¬ 
quate  for  a  structure  of  the  height  contaaplated.  The  only 
•^reparation  necessary  for  this  foundation  will  be  to  remove  or 
strip  all  of  the  topsoil  present  from  under  the  proposed  embank¬ 
ment.  This  topsoil  13  1  foot  or  less  in  thickness. 

Sorrow  Materials  for  Compacted  Fill 

23.  The  materials  obtained  from  the  proposed  borrow  areas 
rore  tested  and  found  completely  satisfactory  for  the  construc¬ 
tion  of  a  compacted  earth  fill  dam  built  in  accordance  with  the 
designs  rscomr.ended  in  this  report.  The  material  reaches  a  high 
density  M3-J  strength  'under  /standard  compaction  at  water  contents 
of  13  to  15  per  cert,  but  is  very  sensitive  to  variations  in 
moisture  content,  when  this  soil  hes  a  water  content  over  16.5 
per  cent,  it  is  very  difficult  to  compact.  Regardless  of  the 
emeunt  o?  compaction,  the  soil  remains  rubbery  and  has  a  low 
she- ring  strength. 

Loc ntion  of  Borrow  Areas 

29.  In  making  the  investigation  of  the  proposed  borrow  ureas, 
it  rnG  found  that  the  water  contents  on  the  upstream  side  of  the 
proponed  dan  si to  were  considerably  higher  than  the  water  contents 


oi’  the  soil  located  aoniGtrtaa  of  the  proposed  site.  In  view  of  the 
extremely  sensitive  character  of  this  gFaciel  boulder  silt,  it  i3 
recona ended  that  ■'•dy  the  downstream  borrow  areas  be  used.  The 
area  designated  in.  figure  2  contains  160,000  cubic  yards  of  soil, 
with  suitable  water  content  end  suitable  at  react  h  for  the  dan.  The 
observations  made  on  the  upstream  borrow  site  occurred  in  May  fol¬ 
lowing  a  period  of  heavy  rainfall.  Further  investigations  aede 
curing  the  construction  period  nay  indicate  that  the  upstream 
borrow  pit  has  dried  up  sufficiently  to  permit  use  of  this  soil. 
Except  for  -vatsr  content,  the  essential  character  of  the  material 
from  both,  tho  upstream  and  donnstresa  locations  was  nearly  identical. 
The  specific  location  of  the  harrow  pit  is  dictated  by  several  im¬ 
portant  restrictions.  First,  tie  borrow  area  should  not  be  located 
closer  than  1JQ  feet  from,  the  upstream  or  downstream  toes  of  the 
structure.  The  proximity  depends  upon  the  height  of  the  nearest 
adjacent  pert  of  tic  cnbcidcnsat,  erd  the  distance  uas  increased  to 
COO  feet  r.hen  tic  aibanlnasat  height  adjacent  reached  45  feet.  The 
side  si  ■'"/ns  of  the  cut  in  a  borrow  area  should  not  be  steeper  than 
1  on  4.  The  bottom  elope  of  the  borrow  pit  eea  have  a  1  per  cent 
dope.  All  l^rgo  boulders  encountered  during  the  borrow  pit  ex¬ 
cavation  should  be  r scored  to  ore  for  the  upstream  toe  riprap  and 
^houlu  not.  bo  .ncluuea  *u  the  ^>ill. 


fcntr.'i  o: 


iKOlX'wi i  oub 


Ccnna^iun 


Z'J.  In  vie-.;  of  the  extremely  ui.:o  variations  in  texture  that 
occur  ir.  daciai  cntorlal,  no  specific 


rules  regarding  the  exact 


water  content  ^nd  compacted  density  can  be  given*  If  the  is  er 

t 

content  of  the  borrow  material  is  kept  between  12  and  15  per  cent, 
it  should  be  possible  to  get  adequate  compaction  with  tba  designed 
shearing  strength  after  approximately  five  pa S3&e  of  a  tractor- 
drawn  sheepefoot  roller  having  foot  pressures  of  between  200  end 
250  pounds  per  square  inch  on  soil  layers  placed  3  inches  thick. 
Ertremely  careful  field  control  will  be  necsss  ry,  and  numerous 
control  tests  rill  be  required.  Whenever  the  'emanated  fill  us- 
svaaa  a  rubbery  appearance  and  weaves  under  the  shsepafoot  roller 
or  hauling  equipment,  then  the  compacted  density  should  be  locked 
on  with  extreme  suspicion  and  careful  checks  oe.de  to  insure  ade¬ 
quate  strencth- 
?eccrr,es.dsd  Design 

31.  TTcftretcn  clone.  The  design  of  the  upstream  slope  was 
determined  on  the  basis  of  the  stability  under  the  most  critical 
condition  of  rapid  drawdown  of  the  reservoir.  Under  this  critical 
condition,  using  tho  strength  of  fully  -aturated  borrow  materials, 
nt  e  density  of  111.9  p.  c.  f.,  which  can  easily  be  obtained  in 
the  field,  it  was  determined  that  an  adequate  factor  of  safety  for 
this  structure  would  be  obtained  by  an  upstream  embankment  slops 
of  1  ''n 

32.  Po- -y^reevi  slooe.  Stability  analyses  indicated  that 
since  the  do.'nstreem  section  was  not  affected  by  rapid  drewdov.n 
conditions,  the  proposed  slope  of  1  on  Zb  v^ouid  be  adequately  cafe 
against  failure. 

33.  Drains ~a  -iroylslous.  An  internal  seepage  drain  partially 
above  and  partially  below  natural  ground  has  been  proposed  and  is 
indicated  in  Fivure  £9.  Thin  drain  is  intended  to  compensate  for 
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